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I. INTRODUCTION.

The Wongong-Cardup area lies about 20 miles south-south-cast of
Perth. It extends for four and a half miles along the Darling Searp, which
forms the western edge of the Darling Peneplain (Jutson, 1934, p. &1),
from Cardnp Brook in the south, to half a wmile north of Wongong Brook
and 1t covers about six square miles.

The vocks, bounded on the west by the sediment oy Cardup series,
consist muinly of granites and gneisses of the Pre-Cambrian Darling Com-
plex (Clarke, 1938, p. 213, These rocks are all intrunded by later green-
stone dykes. The geology generally is similar to that of the Armadale area
(Prider, 1941). The examination of the area was coundneted to determine
whether the features of this small closely mapped Armadale area were
nmatained to the south, and to obtain further data regarding the extent
of the Cardun series and its relation to the granitie rocks. Good exposures
of the Cardup sediments have heen made at Byford and Cardup where the
slates are quarvied for the manufacture of pressed bricks.
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Published information regarding the geology of the arvea is as follovws —

Honman (1912) traced outerops of the Cardup sediments at many
points along the front of the searp.

Esson (1922) examined the rocks of the Wongong dam site several
miles east of the area, and in 1926 he reported on the silver lead deposit
at Mundijong, several miles to the south, where part of the country in
the vicimiy of the deposit is made up of the Cardup series.

Clarke (1930) mentioned the Cardup series and published a map of
Cardup.

Forman (1937, p. xxiv) considered that the Cardup scries conformed to
the local structure in the gneisses, which he suggested were derived from
the sediments by gronitisation.

Both Clarke and Forman ecorrelated the Cardup series with the Jinw.
perding series of Yilgarn age, but Prider (1941) at Armadale has advanced
strong evidence indicating that the Cardup series is vounger than the
granite and gneiss.

The structure and relations of the gneisses to the Cardup sevies in
the Wongong-Cardup avea confirm the conclusions reached by Prider.

The area was mapped during 1940 by the author working alone, Tt
has been well subdivided by the Lands and Surveys Department, thus
enabling  detailed mapping to be done by pace and compass traverses.
Form lines were drawn from spot heights obtained by aneroid barometer,
with frequent checking on Byford Railway Station and Wongong Siding.

IT. PHYSIOGRAPIIY.
A, General Relief.
The arca may be considered to be made up of four phystographic units.

1. The partly dissected and eroded block of the uplifted Darling
Peneplain {elevation 750 feet to 9350 feet). This is mostly covered with
laterite above the 800 feet level.

2. The scarp front (elevation 400 feet to 750 feet) which is consider-
ably indented and modified by the drainage system.

3. The subdued “foothill” zone (elevation 250 fect to 400 feet), partly
vuderlam by the Cavdup series. This zone is diseontinuons and it merges
into the fourth unit.

4. The sandy plain (elevation 200 feet to 250 feet) which slopes very
gently to the west and forms the eastern border of the Swan Coastal Plain.

This subdivision agrees closely with that given by Woolnough (1918,
p- 18), except in the treatment of the foothill zone. Woolnough's Ridge
Hill shelf at 200 feet elevation is not represented, except possibly by the
small areas of low level laterite near the Beenvup and Cardup Brooks.

B.  Drainage.

The Wongong, Beenyup and Cardup Brooks (the main streams in
the area, see Plate 1) ave perennial. Features in common to these streams
are:—the westerly divection of flow: the young valleys; the west-north-west
trend in the foothill zone.
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Lo The Wongouyg Brook.—This s the major stream.  The U-shaped
bend 1w the Wongong after it enters the arvea sugeests (he larger featnre
observed in the Cinmimg River (Clarke and Williams, 1926, p. 164) and
lkewise may be o relic of am old north-sonth drainage elimiel.  This s
suggested by the ahignment of (vibutaries with the straight eastern side of
the bead and with the enrly-mature valley ol g south-flowing tmbufary of
the Beenyup Brook, a little over a mile 1o the sonth.  West of (his bend,
the Wougoug {flows for a quarter of a mile in a veey juyenile valley with
walls rising steeply (o 508 Yeet above the stream.  Here (he tributavies ave
short, steep and insequent.  Downstream the hrook swings west-north-west
mto a broader valley: at the hend, a short chanmel has been abandoned.  The
course s genily windimg and contaius a little alluvium; it receives several
frthutaries and then passes through the toothill zone onfo the plain,

2. The Beewypnp and Cardup Brooks.—These have youne vitllevs whieh
lack the gorge-hke chiracteristies of the Wongone awl possess steeper grades.
These differences way e explained by eonsidering the pper porhon ol the
Wougong, east of the area. This can be vegarded, like the upper Helenn
and (dnmnu- Rivers, as another example of o consequent sonih- easterly
fowing stream \\]mh developed after the uplift of the Darling Peneplain,
and was eaptured mud reversed by a more active westwanrd lowing consequent
strean (Juatsou, 1834, po 169). Probably the thvee brooks were developed
cqually ns westward flowing consequents, bhat {he voung Wongong, becanse
it had o shovter distanes to advanee by headward erosion, reaehiod the sounih-
cast stream. This led fo augmented flow and deepeniug of the valley.  Mean-
while the Beenyup and Cavdnp Brooks developed tvibutarvies, bt retained
relatively steep grades.

S, Minor tributaries Lo the main stream. ~These comprise :—
(a) Uneertain relies of a matore north-south gysten.

() Short steep-graded minor streams which generally  enter al
right augles to the main stremn,

(¢} Lavger teibutarvies which tend o be developed near the SCATP ;
the valleys arve vouthful, but some hroaden in the upper
parts.  Small waterfalls often ocemr at an elevation ol 400
to 450 leet,

Lo Independent searp streams—These have steep grades and tow west.
Examples are the two creeks north ol the Bylord Brickworks Quanrry,

5 l(f/im/nmu! of topogruphy to geology.—Adjnstment ol the dratnage
to the major rock structure s not apparent. The conrses of the (hree nmin
brooks form ares, shahthy concave to the north which ent nevoss (he strike
of the gneiss and the sediments. Two (ributaries of the Beenyup Brook
appear to have been inluenced by guarlz blows trending north-west.

Between the Wongong and  Beenvup  Brooks, stremns have deeply
cmbayed the Fdervite capping by headward evosion, leaving o munber of lar o0
spurs, some overlying large epidiorite dykes.  These spurs vepreseni the
most westerly extension ol the high level laterite.  The sharp edge of the
laterite disappears where the matnre heads of the erecks approach 1t and
laterite pebbles aud sand slope gently up {o the laterite level,  Tn sneh
places souks may develop, the wafer apparcully coming from under thoe
Jaterite capping,
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1II. STRUCTURAL GEOLOGY AND FIELD DISTRIBUTION OF
THE ROCKS (sec Plate 1.).

A Granite and (rneiss.

1. Field Occurrence—Aplogranite and gueiss are mtimately associated,
as at Armadale, henee mapping of them separately was not attempted.  Also
no persistent tyvpe corvesponding to the fine handed gneisz of Armadale
(Prider, 1941) conld be found differing in strike {rom the hybrid gneiss.

Aplogranite tends to outerop predominantly in the western pavt of
the area. Here mear the Wongong the gneissic foliation is usnally vagne
althongh a few outerops contain typical hybrid gneiss {Prider, 1941) with
basie xenoliths, Farther south trom the Rifle Rauge to the Brickworks
Quarry, the gneissie structnre is fairly well maintained and basic xenoliths
are common. Again in the south-west of the area, between the Cardup and
Beenyup Brooks, aplogranite predommates.

The eastern part of the area exposed in the Wongong Brook consists al-
most entirely of wel-banded gneiss which is cut in places by aplite veins.
Xenoliths are rvare or absent, althongh biotitic elots and streaks in the
gneiss appear to correspond to the buasic xenoliths tonnd el:ewhere n the
avea and at Arvnudale (Prider, 1941},

2. Structure of the granite gueiss area and the occurrence of Quarts
Veins—Dips and strikes of the gneiss foliation were mapped, with the
knowledge derived from Avimadale that the readings in the hvbrid gneiss
may be unrehable for detailed interpretation.  Such tocal veversals of dip
and overfurned struetures as observed at Armadale by Prider (1941) were
fonund t the western part of the granite gneiss avea, but as mapping pro-
aressed it was seen that order was maintaimed in the strike and in a more
eeneral wav in the dip of the gneiss thronghout the entire avea. The gueiss
in the western part within half a mile of its contact with the Cardup series
strikes north-west to norih-north-west, henee the contact instead of being
parallel to the strike of the gneiss foliation as at Armadale, truncates it
obliquely. The series of ¢nartz blows which onterops “en echelon™ aeross
{he Beenvinp Brook in a north-westerly direction, appears to he related to
the structure of the gneiss in the western strip.  For three miles north of
these blows the weneral dip is east. Somth of the blows the gneiss dips
steeply to the west. Al this evidenee indieates that the stroetuve of the
oneiss in the western slrips bears no relation to the structre of the Cardup
sevies, The eneiss appears to form a major antielinal structure, cored hy
quartz blows (steep dip inferred). wliteh may have formed i either a
sheared zone or in tension openings along the crvest.  This auticlinal infer-
pretation is supported by the majority of the dragfolds which also suggeest
that the anticline pitches gently to the north-north-west.

The eneiss in the eastern part of the Wongong Brook avea dips without
exception to the west. Dragtolds are rave and they mdieate ap east lnnb
of & normal syneline. No struetural break has been observed hetween this
eneiss and that to the west. On the south side of the Wongong Brook at one
point near the broad laterite spur, the foliation 1s flat-tving, whicli snggests
that the axis of the svneline passes beneath the spnr, North of Wongong
Brook the strike of the east limh swings north-north-east possibly because
of eross-folding. The synelinal structnre may extend to Armadale, the axis
of the syneline lving cust of the area examined by Prider.
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The southern extension of this structure s unknown, although it 1s
signifieant that four miles sonth, on the north bank of the Cardup Brook
the gneiss foliation strikes novth-north-east and dips west.

South of Wongong Brook there is cousiderable reversal of dip on the
west linb of the syuehne.  These westerly dips may be due to either to
dragfolding (as illustrated in Plate 2, Section A-B) or te intrusious of aplo-
eranite. The interpretation of this structure as 2 svoelive is confirmed in
the distribution of the quartz veins, The N.W. trending vems ave the hest
developed in the area and are most abundant iu the vieinity of the Beenyup
Brook at the erest of the anticlinal structnre.  The absence of sneh large
quartz veins in the Wongong valley may be explained by the geneval synelinal
structure of that part of the area.

The “blows™ outerop “en echelow’” and do not pass throngh the contact
of the granite gneiss and the Cardup sevies. A similar relationship has been
observed in the quartz blows at Armadale (Prider, 1941). The small north-
south blow which disappears under the laterite south of Beenvup Brook
represents the north-gouth type which oceurs at Armadale. Weathered
sericitic bands in the outerop smggest replacement by quartz in a zone of
sheared gramte and gneiss.

B.  Cardup Series.

The contaet of the series with the granite gneiss is nowhere exposed,
but it can he fixed within half a chain in many places by means of slate
fragments in the soil and outerops of the hasal sandy beds.  Outcvops of
these sediments wtre found along the foot of the searp, exeept between the
Brickworks Quarmy and the Rifle Range, where laterite pehbles and sand
obscare the geology.  From worth of the Wongong Brook to the Armadale
arca the series is either absent or completely ohscured.  To the south it
appears to persist at least as far as Mundijong (Honman, 1912, p. 63).

The strike of the contact is 356° which conforms with the observed
strikes of the series near the contact, where the average dip is 50° to 60°
to the west. Small onterops of epidotie quarlzite ocemr at wide intervalg
along the contact, these outerops are resistant to weathering and dip steeply
woest.

At the State Brickworks Quarry the exposed series has the same
snceession as at Armadale, thus:— '

Upper (4) Epidiorite (2Y-—A stll-hke hody of ved weathered rock.
(3) Banded White Slate.
(2) Bluck Carbonaceous Slale—Exhbits features indieating
upthrust of the series from the west (Prider, 1941),
These are: dragfolds pitehing north at 45°: small reverse
faults dipping steeply west.

Lower (1) Grits and Sandstone—In bands np to 18 inches thiek (some
are baritie) whiclt altermate with  Sandy Shale  over
several chains, Ghraded bedding in the sandy bands
indieates that the beds are normal and not over-turned.
These heds lie aneonformably on the hybrid gneiss,

South of Beenyup Brook the Cardup series is exposed over a wider area.
Ou the Cardup Brook, white slate outcrops half a mile west of the granite
gneiss-Cardup series contact.
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In the adit of the bavite workings near the contaet the same sucecession
ol heds as ocenrs at the Brickworks Quarry is lound dtvpimg west at 6G5°.
In the Cardup Quarry at least three epidiorvite dykes intrnde the slates, which
appear to dip almost vertically.  The bedding of the slates is ohseured by
closely spaced fracture planes, caused probably hy the intrusion of the
eprdiorite dykes, beeanse 5 chains west of the large dyke on the west side
of the Cardup Quarvey the dip of the slate veturns to the normal 60° west.

The wider exposnres ol slate in the sonthern parts of the aren may
hest he explained as a morve complete sequenee of {he Cardup Series which
has heen protecled from erosion by guartz Mows and basie dvkes. Tsoelinal
folding may be advanced as an alternative explanation but no evidener of
repetition of he black states or the basul sandy beds has been obtained and
dragfolding, which may have yielded some information in ihis connection,
has been obseuved by weathering,

The quartz blows inferleave the slates and outerop  “en echelon” as
north-south vidges. In the section exposed in the Cardup Quarry the blow
quartz forms lenses up 1o 6 feet wide.  Other (uartz veins occur in the
series; these will be described later in the petrography seetion.

C. Basic Intrusives.

These are epidiovites, the main tvpes are :—

1. Uralitised quartz dolerites,
2. Porphyritic chlorite-albite epidiorite.

ATl the dykes in the granite gneiss are of wralitised guartz dolevite. In
the north of the area the large dykes have a dominant cast-west trend,
uarrower dykes strike north to norih-north-west. Tlence the dyke pattern in
the north corvesponds to that of Avmadale (Prider, 1941). Tn the eentral
part ol the area the dykes strike mainly notth-west.  Tn the south there
are very tew dykes— the {rend of these being north-casl.

Dykes intrude the Cardup series at several places at the contaet of the
series with the granite gneiss. At Cavdup several dykes occur completely
mn the skites and heing voughly pavallel {o their strike, may be sill-like bodies.

The porphyrite chlorite-albite epidiorite (the albite porphyrite of Ksson,
1926), ts found only as seatteved boulders on the north bank of Wongong
Brook aud to the south of Cardup Brook, This epidiorite onterops sonth
of the arvea, at Whithy Falls aud Mundijong (IEsson, 1926).

No rehiable fiekd evidence ean be obtained in the Wongong-Cardup area
concernig  the velationship between this  porphyritie epidiorite and the
nralitised guartz dolerite.

D. Later Roeks.

The later rocks ave:—

(1) Laterite—This forms a capping over most of the area  above
800 feet clevation. TLaterite houlders and pebbles oceur on the lower levels
at the foot ol the searp.

(2) Alluwvial deposits—These oceny along the eourses of Wongong and
Cavdap Brooks.  Sit and sand eover muel of the plain (sege pae 266) lving
west of the searp.

(3) Talus slopes—These ave formed on the steeper sides of the valleys,
and are composed of aplogranite, gneiss and dolerite,
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IV, PETROGRAPHY.
A dplogranites, (ucisses and Associated Basic Xewoliths,

The basie xenohiths incelude hybridised varieties of the biotite-horn-
blende hornfels found at Armadale (Prider, 1941) and hornblende schist
xenoliths,

1. Biotite-hornblende Hornfelses—XNenoliths of these rocks are common
in the hybiid gneiss. They form rounded masses up to four feet long.
In the granitic phases of the gneiss the xenoliths form narrow sheets
intercalated “‘ht-par-itt’’ with [ine-grained granite.

The roeks are dark grey to black m eolour, and generally have a fine
even-grained hornfelsie textwve,

In thin section, clots of decussate greenish biofite ave assoelated
with saussuritised plagioclase.  Subliedral hornblende may he present
with synantectic reaction rims of hiotite or chlorite. Quartz is vare as small
clear interstitial areas. Apatite prisms and euhedral sphene, as crystals
up to T mm, long, are characteristic aceessories together with pyrite and
magnetite and more rarely, pink euhedral zircon np to .35 min. long.

The felspar erystals are cerowded wilth epidote grains and small
elinozoisite prisms, Lamellay lwinning is common and extinetion angles
indicate albite-olizoclase.

Biotite varices from a brownish variety with X = pale yellow to eolour-
less ; Y =7 = yellow-brown ; X <Y = Z, to a greenish chloritised variety
with X = pale green-yellow ; Y = Z = yellow-brown ; X ~Y = Z.

The hornblende has the pleochroic scheme :—

X = light brown-green ; Y = dark green; 7 = dark bluish-
green; X <Y = Z; ZAe = 17°

The xenoliths are distinguished from the hyhrid gneiss by the absence
of mieroeline. Apparently, all the potash which was introduced during
granitisation, reacted with the hornblende of the xenolith to form biotite
mstead of crystallizing as mierochine.

Tanie L
Analysis of Biotitic Xenolithic Meat-rial.

L. 2. 3.
S0 $1£-95 40-08 6652
Al O, 17-70 14-01 1322
e O, ... BN 6-05 4-99
Fa0 11-32 14-42 3-29
MgO G-08 4-34 0-58
Cal 3-08 989 2-84
Na O 3-03 0-46 345
KO G-38 3-78 2:05
HO- .. 1-41 147 (- 50

H,0— ... 0-12 0-07 Nil.
CO, 0-08 0-03
TiO), 1-36 2:76 0-66
P.O; 0-95 1-24 0-10
MnO 014 0-38 015
BaO Nil. 0-53
Fes, 0-77 (-07

Fe S, 0-02 Nil.
V.0, 0-03 (0-04
9964 10034 9902

Fine-grained biotitic hornfels xenolith, Cardup (Analyst, B. P. Thomson).
. Hornblende-epidote—hiotite-hornfels  xenolith,  Roads  Board Quarry,
Armadale (Prider, 1941, p. 36).

3. Hybrid Gneiss, Roads Board Quarry, Armadale (Prider, 1941, p. 36).

il
2
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Analysis 1. indicates that the Cardup xenolith is vieh in iron and potash
like the Armadale hornfels, and is likewise the result of the action of potassie
sohitions on original hasic material. A feature of the analysis 1s the high
alnmina content.

This hybridisation (which is esseniially a granitisation process mvolving
the addition of K,0, ALO, and Si0. to the orviginal basic xenolith), was
effected dnring an carly period of granite intrusion (Prider, 1941).

2. Horublende-schist renoliths—These are not widely distrtbnted like
the hornfelses.  They oecur as angular blocks, np to five feet long, wlich
appear {o be part of a larger mass which is ent by narrow veins of
aplograntte. They are best developed on the south side of the Wongong
gorge, but have also been found in gneiss a quarter of a mile south-cast of the
Brick Works Quarry and on the south side of Cardup Brook,

The hornblende-sehists are hiack, medinm to even-grained and have a
schistose structure wlhich may not be apparent in the hand specimen, but
1s obvions in larger masses. When felspar is present a gneissose strueture
may develop.

The rock is composed mainly of subhedral hornblende cryvstals, for
which—
X = light yellow-brown: Y = dark hrown-green; 7% = dark blue-
green; X < Y <& Zand Z A ¢=18°.

A small amount of biotite oecurs either ag plates or deeussate clots.
The biotite has X = yellow; Y = % = durk brown and (—) 2V small.
Quartz forms small clear angnlar inelusions in the hornblende. Saussuritised
plagioclase is found as subhedral erystals in the slightly hybridised types.
Accessories are pyrite and magnetite and rave prisms of apatite and epidote.

The relation between these two main tvpes of xenolith is not visible
i the ficld.  The biotite-hornblende hoinfels xenoliths represent hvbridised
rocks, probably of original gabbroie composition. The hornhlende-sehist
xenoliths appear to represent amphibolite which has escaped intense hyvbridisa-
ton.

(h)

3. Hybrid Gueiss—This vock is identical with the Armadale tvpe. The
foliation is well-marked by biotitic elots and streaks. Light-coloured hands
contain pale microeline phenoerysts, greenish saussuritised felspar and quartz.
The more porphyritie types have augen of microcline which are developed
with vitreous quartz in a black biotitie gronnd-mass.

The dark bands arve similar to the associated biotitic xenoliths and are
composed of decussate clots of biotite containing cuhedral apatite, sphene,
and accessory magnetite and pyrite. FEuhedral zircons np to 0.4 num. long,
ocenr rarvely.

The lencocratie hands contain plagioclase (albite-oligoclase) as subhedral
crystals whieh are invariably saussuritised and often sericitised, Oceasionally,
clear trregular arveas of oligoclase oceur i the cloudy plagioclase.  The
twin lamellae are continuous in the elear and eloudy aveas, but the oxtinetion
angles of the Jamellae differ.  This may be a replacenment strneture.

Microcline forms large elear erystals, otten with a microperthitic strne.
ture. “Phantom Twinning” is present in the central parts of some cryvstals,
indicating that some orthoclase is presenr, partly inverted to microcline

(Alling 1923, pp. 283-305.)
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4. Aplogranite.—This rock tyvpe 1z the same as the Armadale aplo-
eranite. A typical aplogranite is a medinm-grained leneocratie roek, confain-
ing albitic plagioctase, quartz avd wmicrochine. The fexture is allotriomorphie
cranular. The plagioclase is albite-oligoclase, slightly clouded with kaolin and
partly spangled with sericite flakes.

Mierocline is microperthitic and slightly kaolinised.

Quartz forms clear aillotriomorphie ervstals with undulose extinetion.
Blebs of quartz are also common in the mievoeline, with which they form
myrmekitie structures.

Rarve chlorite wisps are the only ferromagnesians present.

A characteristic of the aplogranite is the domination of sericitisation over
saussuritisation. Otherwise, the plagioclases m the aplogranite and the gneiss
show no marked differences: both are alhite-oligoetase, although the abundance
of epidote aud clinozoisite in the plagioclase eryvstals of the gneiss snggests
that in these the original felspar was more caleic.

5. Pegmatite and Aplite.—No coarse-textured pegmatite dykes or veins
were Tound, hut the gneiss may be locally pegmatitic and contain mierocline
erystals up to 2 inches long. Whether this pegmatitic phage is derived from
the early granite magma that formed the hybrid gneisses or from the latter
aplogranite magma, eannot at present he stated.

Garnet-Muscovite Aplite.—A vein of this roek 13 inches wide occurs in
the gneiss in the extreme cast of the area near the Wongong Brook.

The aplite is pale pink in colowr and varies in grain from a fine-grained
saecharoidal to a move pegmatitie phase with small microcline phenocrysts
and muscovite plates up to 12 . across.

The texture in thin secetion is allotriomorphie, The minerals present are
fresh albite, unstrained quartz allotriomorphs, perthitic microeline, rare
large muscovite flakes and garnets.

The garnets form small pale pik cuhedra up to 0.5 mn. diam.  Acees-
sories are a little chlorite and cpidote, '

Somewhat similar garnet aplites ocemr at Jimperding (Prider, 1934,
p. 10) and Malkup (Cole and Gloe, 1940, p. 160), where they are related
to gramte intrusions of post-gueiss age,

The origin of this garnet-muscovite aplite is not cevtain, but beeause of
its remarkable freedom from alteration, it is most probably a phase ot the
aplogranite.

6. Relation between the Aplogranite and Hybrid Gueiss—1n the Won-
gong-Cardup Area no evidence was found of two types of gneiss striking
diseordantly to each other, as do the fine-banded and hybrid gueisses at Armna-
dale (Prider, 1941).

Prider considers that there ave two periods of grinite intrusion.
(1) An early period that led to the formation of the hybrid gneiss.

(2) A later period, represented by the aplogranite. In the Wongong-
Cardup Area, two periods of granite intrnsion are indicated by—

(a) Angular xenoliths of gueiss in aplogranite, best exposed on the
souch side of the Wongong Brook gorge.

(b) The truncation of gneissiec banding by masses of aplogranite.
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B. Cardup Series.
The series may bhe subdivided into

1. Basal sandy beds.
2. Slates.

L The basal sandy beds comprise sandstone, epidotic guartzite, and
mierbedded sandy slates.

(a) Sandstone—This may vary considerahbly in grain size. The coarser
types, which cap he classed as grits, contain sub-rounded Guartz grains up
to 15 mm. long. The matrix is often aveillaceous and {he quartz grains show
mperfect graded bedding.

In finer-gramed sandstone on the westery side of the Brickworks Quarry,
ripple-narking appears to he present,

Vughs, which may have originated by the leaching out of caleite, are
common m the grits. These vughs are lined with small (uartz crystals, and
some contain white or colomless harite. At Caxdup a small amount of purple
flnorite is assoeiated with the barite, a little pyrite and chalecopyrite are also
present. White caleite ocenrs in some unweathered specintens,

In thin section:—

The typical sandstone contains rounded to sub-angular quartz grains
uterlocking loosely in a ground mass of micro-erystalline quartz and sericite.
The quartz shows undulose extinetion. Rounded pink zircons oceur sparsely,
but ave rarely absent. In one section several small idioblasiic crystals of
tourmalime were found.

The baritic sandstone has a granular structure which is obscured by a
mosaic of later vein-quartz.  Angular cloudy felspar fragments (mostly
nierocline) are comwon, Barite forms rregular grains and strings.  Caleite
and rounded pink zireous are present,

(b)y Epidotic Quartzite—This vock lias been shown by Prider (1941,
p- 40) to be sandstone which has undergone contact wetamorphism, dne to the
Intrusion of epidiorite. This is supported south of Wongong Brook, where
an outerop of the quartzite grades into sandstone and is associated with fine-
grained epidiorite, '

The quartzite vavies from a grey-green eveu-grained rock with a con-
choidal fracture to a banded rock in which sandy and eherty bands alternate.
Some of the sandy bhands show graded bedding. Pyrite and marcasite are
present in small amnounts.

In thin section clear rounded guartz grains arve seen to be rimmed with
a plexus of small pale green needles of an optically negative biaxial mineral
with oblique extinction (probably actinolite),

The quartz is strained. Epidote ix present as small interstitial grains or
as yellow-green clots, The felspar forms slightly clouded subhedral erystals,
either of microeline or plagioclase.

Small rounded zircons are commnon.

The cherty bands eonfain microerystalline gquartz which is streaked with
nearly isotropie white material aud is spotted with epidote grains.

2, BSlates:—

Blaek and white slates, similar to those found at Aymadale, are exposed
at the Brickworks Quarry and at Cardup. On the north bank of the Won-
gong Brook, white and grey sandy slate outerop, but no black slate is ex-
posed.
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(1) “Black’ Slete.—~This is a black to durk-grey coloured roek, in which
¢lose bedding planes ave well developed and marked by alternating light and
-dark bands.

Barite oceurs on the joint planes of the black slate in the Brickworks
Quarry.

In thin section :—2>Minute sericite plates and mieroerystatline quartz form
the ground mass which is bauded with gyaphitte material. Light browu-green
idioblastic tourmaline prisms are scattered with random orientation through-
out the rock.

(i) “White” Slate—This variety of slate has a white to light grey
colour. The light grey type is compact mnd hard and corresponds to the
slate interbedded with the sandstounes. Such slate shows a greater develop-
ment of microerystalline quariz, under the microscope, than do the lighter
types.

In thin section the white slate is seen to consist of nunute sericite flakes
and a smaller amount of microerystalline ¢uartz, which may be intermixed
with or may form lenticles in the sericitic groundmass. Later veinlets of
strained gnartz ent the bedding.

In the Cardup quarry, pale green chlorite is developed in the “*white”
slate near the eontact with an epidiorite dyke.

The small tourmaline prisms ave distributed sparsely throughout all the
slates, and do uot decrease in quantity, even half a mite west of the Cardnp
Series-granite gneiss contact at Cardup. This suppeorts Prider’s suggestion
(1941, p. 41) that the tourmaline was derived from the crystallisation of the
original constitnents of the argillaceons sediments rather than trom matemal
introdueed by an intrusive granite,

. Basic Intrusives of Post-Cardup Age.
The following types ave recognised :—
1. Uralitised quartz dolerite.
2. Biotitic epidiorite.
3. Porphyritic chlorite-albite epidiorite.

1. Uralitised quartz dolevite—As at Avmadale, most of the dyvkes are
of this dominant tvpe.

A typical specimen is dark grev-green in colour, with fine to medium
grain.  The texture is ophitic to subophitie and is ebscured by the formation
of uralite and epidote.

Uralitic awphibole is the dominant nuneral.  Plagioclase occurs, almost
entirety replaced by grannlar epidote and zoisite,

The moesostasis is clear quartz, often in micrographie and rarvely grano-
phyrie intergrowth with the epidotised felspar. The quartz encloses apatite
pristis. Brownish hornblende, hiotite and chlorite may be associated with the
aralite.  Leucoxene is abundaut as large skeletal plates replacing ihnenite.
Some lencoxene has also recrystallised to gramnbtar sphene.

The uralite is often developed in large crystals with good cleavage and
simple twinning. The colour is rather variable in intensity, a typical pleo-
chroism is X = very pale vellow-green ; Y = pale olive-green ; Z = pale
greenish-blue ; X< Y<LZ, ZAe = 207, (-) 2V is large.
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Closely related to the ordinary uralitised (uartz dolerite is the variety
m whiel the felspar is tinted by pale-brown smoky clouding. Ouly one dyke
has been found to contain felspar in this condition. None have heen found
at Armadale, hat they ocenr farther north at Gosnells, Lower Chittering
and AMalkup.

Aecording to MacGregor (1931), sneh featnres are dne to reheating
of the roek after consolidation,

The felspar varies from fresh labradorite, with the ¢haracteristic brown
tint, to intensely saunssuritised felspar and is in ophitic relation to the
uraltte plates.

The nralite develops hlne-green resorption borders in contact with
the felspar and in places appears to grade into brownish hornblende.

- L e » . - .

Unstrammed qonartz {forms a mesostasis and skeletal tlmenite, rimmed
with leucoxene, is conunon,

Associated Veinlels.—1Tn the nralitised (uartz dolerite, veinlets of epidote
or quartz arve found up to {wo inches wide.

2. Biatitic epidiorite—This Armadale tvpe has heen fonnd only near
the prospecting shaft, north of Wongong Brook.

Its field velations are not knowu: it probably represents a phase of
the nralitised «uartz dolerife.

Megascopically it vesembles a hornfels, heing black and fine-grained.

The thin section reveals an allotriomorphic  granular aggregate of
greenish-hrown hiotite, small plagioclase laths (which are almost completely
converted to epidote), uralite, lencoxene, quartz and sparse pyrite.

The hiotite has the pleochroie seheme:—

X = pale yellow-green; Y = 7 = hrown-green N < Y = Z.

Uralite forms sparse patehes with biotite which is apparently derived
from it.

3. Porphyritic  chlorite-albite  epidiorite—Mineralogically, this roek
corresponds to the albite epidiorite of Armadale (Prider, 1941).

Hand specimens show vyellow subhedral albite phenoeryvsts (up to
Jem. long), in a dark fine-grained gronnd mass. Tn the Cardnp specimens
the phenoerysts are gronped radially, forming *‘roseties up to 5 cm, in
dianieter,

In thin section, alhite phenoerysts are set in a eronnd mass of albite
laths, uralite, hiotite and chlovite with a little interstitial quartz and
leucoxene.

The albite is cloudy and econtains epidote.  The phenoerysts ave
rimmed and penetrated by the chloritie gronnd mass.

Uralite is rave and is a soda-rich variety with X < Y < 7, X = pale
vellow: Y = pale olive-green: Z == brighi green-bhie, 7 A ¢ = 17°.

In the gronnd mass are found aggregates of deep-green chlorite or
decussate hrown biotite, each containing several enhedral epidote ervstals.

D. Quartz Veins and Barite.
The ¢uartz veins may be snbdivided into—
L. Quartz veins in the granite gneiss.
2. Quartz veins in the Cardup Series.
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1. Quartz vems in the gramte gneiss, There are fwo lypes:—

(2) The small novth-sontly strikirg vein sonth of Beenyup Brook, The
vein averages five Teet in width and is identieal with the corrvesponding
type of ““blow™ af Avmadale. It containg serieitie bands, and - thin
seefion shows eataelnshic structures and reevvstallised  sereife. This
sngeests a replicement by quartz along a shear zone.

(h) The novth-west striking blows, whieh eross the Beenyvup Brook,
These are, on the average, - feet wide and may be fraced continmously Tor
distances up to 10 chains or morve.  No serieite bands are observed in fhese,
Fresh speeimens of the (uartz arve greemsh-grey, massive aud frequently
contain Inter quartz veinlets and pyrite,  On joint surlces whieh have been
bleached by wemthering, angulae ragmients of quartz up to 4 mches long
are scen 1o be sef in a fine-grained chievty matrix,  Thin veinlefs ol later
quartz traverse hoth the Fragments and the matrix.

The quartz in the angnlar fragments shows strain nnd eataelastie strue-
tures. A small :mount of felspar is present. The erystals ave probably of
microeline, they ave allotriomorphie and shightly rounded.

The ground wmass is lne grained quartz, through which, n the
nnweathered rock, shreds of chlovite and bhiofite are distributed.

This evidence suggests thal these blows are not simple replacement
bodies formed along shiear zones,  They may represent quivtz reefs, wineh
after their formation, have been sheaved and then partly veplaced by later
quartz,

2. Quartz veins in the Cardup Series. These are:—
(1) Quartz Blows m the slates al. Cardup.

There appears to be two parallel series of quartz blows, striking north
and south m the slates at Cavdup:—

(1) The westerly series which s the more strongly developed.  These
average H feet tn width and outerop confinnously for distances ol morve than
10 chains. A =eetion of one ol the blows of this sevies ix to be seen in the
cast wall of the main Cardup guarry and it appears to he made up ol hulbony
quartz lenses up to 4 feet wide, dipping at 85° to the west.  These lenses
appear to conform (in strike and dip) to the slate which lias been distorted,
80 that the bedding now follows arvound the edge ol the quartz lenses.

(11) The ensterly sertes whieh onterops in a north striking zone some
5 oor 6 chains to The cast oF (i), These veins arve lentienlar and the lenses are
more clongated than in (1), They conlormn to the dip and strike of the slate,

Under the microseope, the quartz in (1) and (1) is practically wdentieal
as regards intensity ol shearing.,  Weathered onterops may be mussive or
show a psendo gneissic structure caused by fine ferruginous streaks.  This
strueture is cul by later quartz veinlets, np to one inch wide, in which vughs
ocear,

The quariz is intensely sheaved and large crystals (ineluding those ol
later veinlets) show shieing and granulation.

Thin shreds of grcenish pleochroie chlorvite (?) are arranged parallel
to the lines of grannlation. Twisted plates of mnscovite oceur sparsely and
iron ore in sublhedral grains is common.
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(b) “Contact” Quartz Veins. These oceur at several places on the
aranite-gueiss-Cardnp Series contact.  One is well developed south of the
Brickworks Quarry and it closely yesembles the north-south type of blow
of Arwmadale, 1t contains servicite bands and the quartz shows eataclastie
structnres,

(¢) Vet quartz in the barttic sandstone.  “The quartz-bavite vein’”
(Clarke, 1930, p. 166) at Cardup is sandstone which is veined and partly
replaced by later quartz and barite.

[ thw section the veinlets ave seen to consist of clear quartz forming
a mozaie of sltehtly strained ervstals.

(d) Narrow veins of vitreous quartz, np to oue ineh wide, ocenr in the
black slate of the Brickworks Quarvy.  The quartz is limpid and shows
mdulose extinetion,

d. Origin of the quuits veins in the Cardup Sevies:—In the light of
other evidenee, indicating that the Cardup Series is post granite in age, it
is suggested that these veing arve the result of a period of vein formation
that followed the intrusion of the epidiorite. The wveins are possibly the
result of diffeventintion of the basie magma.

Coulson (1933, p. 114) suggests such an ovigin for the quartz reefs
associated with certain Indian bavite deposits.  Altheugh the age relation-
ship hetween the epidiorite and guartz veins in the Cavrdup Series has not
been detevmined in the Wongoug-Cardup area, post-epidiorite quartz veins
are known to occur at localities near the area,

Prider (1941, p. 42) mentions that at Arwmadale, in the tunnel west of
the slate quavey, vein-like hodies of uariz that show pronounced cataclastie
structures oceur n uwralitised gquartz dolerite.

Fsson (1926, p. 7) states that quartz reefs of the silver lead depostts
at Mundijong oceur in the epidiovites which infrude the slate of the Cardup
Series.

4. Origin of the bavite—The minerals associated with the barite in the
sandstone are quartz, pyrite, chaleopyrite, caleite, and purple fAuorvite. These
minerals, except possibly the ealeite, appear to be the result of one period
of mmeralikation,

Beeanse of the ivregular distribution and the absence of banded veins,
the paragenesis cammot be worked out.  Nevertheless, sueh an association of
mimerals indieates a ydrothermal origin for the barite (Lawrenee, 1939,
pp. 190-200Y),

Prider (1H1) suggested that the silver-lead hearving veins of Mundijong
and the barite and fluorite ave both related {o tie albite epidiorite magma.
Coulson (1933, p. 115) considers that the barite of eertain Indian deposits
are derived from a somewhat similar basiec magma,

Whatever their souree, the hot barvtie solntions appear to have ascended
mto the porous basal sandy beds of the Cardup Series in many places.
Solutiong containing barium tons have also migrated along the fractnre planes
of the slates, where harite has been deposited (p. 275).

1. Later Rocks.
L Latevite~=The distribution of this rock has heen deseribed (p. 270).
The high level laterite 13 the common pisolitie variety, and it does not
appear to vary markedly m eomposition, whether developed over epidiorite
dyKkes or granite gnetss.
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On the slopes helow the laterite, fragments of a dark-red fine-grained
himonite rock are found i a few restrieted areas. Thin section reveals a
fine-grained matrix of limounte with a sinall amount of interstitial quartz.
This rock may be equivalent to the ferrnginous grit found below the laterite
of other Darling Range aveas (Miles, 1938, p. 32).

On the lower levels latevite occirs as boulders of the pisolitic variety
or as unconsolidated deposils of limonite pebbles with sand or ferruginous
clay.

2. Alluvium.—The alluvium in the Wongong Brook is sandy. At the
bend west of the gorge, large boulders of ecouglomeratic vock lie in the aban-
doned stream bed.  This roek containg pebbles and boulders of granite and
gneiss which have heen cemented by clay, in the banks of the stream.

V. CONCLUSIONS.
A, dge of the Cardup Series and its relution (o the granitic rocks.

The stracture of the gneiss can be broadly interpreted as due to folding
which took place hefore the formation of the Cardup Series. Further facts
similar to those recorded by Prider (1041} support the couclusion that the
gneiss and granite are older {han the Cardap Sevies. Tlhey are:—

(i) No quarlz or pegmatite veins have heen observed to pass from
the granite and gneiss into the Cardup Series.

(it} The Cardup Scries maintaing a normal erosion sequenee and the
basal beds must rest wpon the eroded granite gneisses which stvike obliquely
to the Cardup Series.

(ii1) Nenoliths of the sediments are absent from the gneiss.

(iv) The gneiss does not vary in eliaracter across the strike and therefore
does not appear (o be a granitised phase of the Cardup Series.

(v) Contact metamorphie effects in the sediments are slight and are due
Lo hasice Intrusions.

(vi) The widespread oceurrence of small idioblastic crvstals of tour-
maline in the slates can be readily attributed to original horen in the sediments
rather than to pnemmnatolytic elfecls of a granite intyision.

(vii) Rounded ziveons ave found in {he basal sandy beds of the sedi-
nents, whereas mineralogically similar ziveons occurring in the gneiss and
hasie xenoliths are unrounded. This poiuts to the possible derivation of the
Cardup Series (in part at least) from the gnetss.

(viin) Detrital microcline, most reasonably vegavded as derived trom the
aplogranites and gneisses, oceurs in the Cardup sediments.

B. Darling Searp.

Prider, (1941), considered that the Darling Scarp was produced by the
differential erosion of a monoclinal fold, and swas not primarily a fault
structure ax has been suggested by most geologists (Jutson, 1934, p. 87).
He based his conclusions on the minor structures in the slafes af Avmadale,
which indicate an uptlirust from the west, the result of a downwarp of
sediments {o the west of the area. In the Wongong-Carvdup area, sindlar
struetures are found in the slates of the State Brickworks Quarry, It ig true
that at Cardup, slate fnrthier west of the granite gneiss Cavdup Series eontact
dips almost vertically whieh iz hard to reconecile with the upthrust, but this
steepening of dip may be attributed to the deformation produced by the
nearby basie dykes.
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The “foothill zone” (p. 266), which is partly underlain by the Cardup
Series, can be attributed to the effect of differential erosion between the sedi-
ments and the granite gneiss.

C. Comparison of the Wongony-Curdup, Armadaie and Gosnelis Areas.™

All three areas are situated on the Darling Searp, on an lgneous meta-
morphte complex, flanked on the west by the Cardup sedimentary series which
strikes almost due north and dips steeply to the west.
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There are as yet insufficient data to give a complete structnral picture of
the igneons-metamorphic complex. The known faets from the three areas
examined {which are illustrated in fig. 1) are:—

(1) The predominant rock in the areas examined is a hybridiced gueiss
which is hest developed in the Wongong-Cardup and Armadale areas. In
the Wongong-Cardup area the gneiss is eonsiderably folded and the strike
varies from N.W. to N.N.IX. while in the Armadale area the general sivike
1s almost due north. At Gosnells the granitie rocks are generally massive
without any gneissie struetures. Post-gneiss massive granites occur at hoth
Armadale and Wongong-Cardup where they form only a minor part of the
complex—these granitic rocks (aplogranites) may possibly be offshoots from
the main Darling Range massive granite which lies to the north of Gosnells.

*This section was written in collaboration with Dr. R. T, Prider and Mr. C. E. 8
Davis,
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(2) Quariz veins are developed i all three aveas, the trend heing
N.N.W. at Cavdup, W.NX.W. at Armadale, and NI, at Gosnells,  In none of
the urcas have quartz veins heen obsevved to pass from the granitic voeks into
the Cardup Series (although many were {raced to the bonndary hetween these
two formations) amd this is the main evidenee for regavding the granitie
gneiss complex as pre-Cardunp in age.  Quarls veins oceur in the slates at
Cardup but these ave of a different type and probably gcenetically related
to the younger basic infrusives.

(3) Basic dykes are common to all three areas but a marked variation in
trend 1s noficeable.  1u the Wongong-Cardup avea and at Armadale the
general frend is E-W. with a few N.-S. dvkes whereas al Gosnells the
general trend is in a N.-S, divection.  The basie intrusions are all of post-
Cardup age.

The Cardup Series is developed in all three aveas and ihe suceession,
lithology, grade of metamorphism and velation of the Series to the granitie
rocks and to the later basie intrusives are similav throughont .

Post-Cavdup  busic intrusives belong to two wmain types, (i) albite
epidiorite and (ii) nralitised quartz dolevites, both of which are developed
in all three arcas. They have been assigned to iwo ages—the carlier albite
epidiorites having accommodated themselves to the earth movements affecting
the Cavdup Sevies, while the later quartz dolerites have been comparatively
little altered.

Although the significanee of the various structural patterng of these three
areas (as seen in the general trend of the gneissic structures, qnartz veins
and basie dykes) is not as yet completely undersiood, it is {he authors’ opinion
that the Darling Range complex consists of an older hiybridised granitic gneiss
mfruded by a later batholithie granite extending over the area between
Gosnells (on the soutl) and Lower Chittering (on the north). Offshoots
(aplogranite) fromn this granite mass have penetrated the older hyvhridised
gneisses lying to the south of Gosnells, The Cavdup sedimentary Series is
definitely of later age thau the granitie vocks and the varions basie intrusions
are younger still.

V1. GEOLOGICAL HISTORY OF THE AREA.

(1) Period of granitisation, during whieh the hybrid gneisses were
formed from older basie roeks.

(2) Folding of the hybrid gneiss (by pressures directed from the
N.N.W. and S.5.150. probably elosely followed by, or conlemporanecus
with, (3).

(3) Aplogranite intrusions,

(4) Earth movements, forming shear zones and joints in the gneiss,

tollowed by the formation of quartz veins, which may represent the end-
phase of the aplogranite magma.

(5) Erosion of the granite and gneiss and deposition of the Cardup
Series,
(6) Downwarp to the west of the arca, eausing upthrnst of the
Cardup Series towards the east over the granite gneiss.
(7} Intrusion of fbe epidiorites.
j 330/42
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(8) Formation ol post-Cardup quartz veins and the introduction
of barytie solutions. Both of these are the end-phases of the epidiorites.

Fud of the Pre-Cawmbrian.

(1) Deposition of sediments west of {he avea, leading to Turther
downwarping which may have produced stiamn effects in the quariz veins
m the slates.

(10) Continuwed erosion leading to peneplanation and laterite for-
mation { Wooluough, 1918, p. 385).

(11) Uplift of the peneplain in late Miocene {imes (Jatson, 1934,
page 205). and probable formaiion of the Darling Fault.

(12) Further eroston, producing the present Topography.
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